Two strains of Saccharomycopsis guttulata, JB-1 and JB-3, isolated from stomach contents of domestic rabbits, were grown under different gas phases, and their growth rates were compared. Strain JB-1 grew exponentially at a maximal growth rate under a continuous gas phase of 15% CO2, 2% 02 in nitrogen. High cell yields with low cell granulation were obtained. The growth rates were almost the same between oxygen concentrations of 0.25 and 20% at 15% CO2. Poor growth and early cell granulation occurred in the absence of oxygen at 15% CO2. Growth increased at 2% 02 in direct proportion to the carbon dioxide concentration up to 10 to 15% CO2. A very high carbon dioxide content (e.g. 98%) was somewhat inhibitory. Cell granulation always occurred during the maximal stationary phase in media at pH 4, but was relatively slight at pH 5.6 or higher. Strain JB-3 responded to various gas phases in a similar manner except that it grew slowly in the absence of oxygen at 15% CO2 (pH 4). The effect of an optimal gas phase on the growth of strain JB-1 was examined in relation to other environmental conditions. In the presence of 15% C02, 2% 02, this strain grew exponentially in yeast autolysate-Proteose Peptoneglucose medium at 37 C at pH 2, 4, and 5.6 at approximately the same rate; the growth rate was somewhat lower at pH 6.2. Under similar conditions, strain JB-1 grew at 30 C and pH 4 at one-sixth its maximal growth rate. Cell granulation was greatly reduced at this temperature. With adequate CO2 strain JB-1 also grew at a reduced rate in a yeast autolysate medium previously reported not to support growth. Results indicate that continuous gassing with an optimal gas phase increases the growth rate to the extent that the growth rate surpasses the death rate by a significant margin; as a result, granulated cells can be avoided almost entirely in the log phase.
Two strains of Saccharomycopsis guttulata, JB-1 and JB-3, isolated from stomach contents of domestic rabbits, were grown under different gas phases, and their growth rates were compared. Strain JB-1 grew exponentially at a maximal growth rate under a continuous gas phase of 15% CO2, 2% 02 in nitrogen. High cell yields with low cell granulation were obtained. The growth rates were almost the same between oxygen concentrations of 0.25 and 20% at 15% CO2. Poor growth and early cell granulation occurred in the absence of oxygen at 15% CO2. Growth increased at 2% 02 in direct proportion to the carbon dioxide concentration up to 10 to 15% CO2. A very high carbon dioxide content (e.g. 98%) was somewhat inhibitory. Cell granulation always occurred during the maximal stationary phase in media at pH 4, but was relatively slight at pH 5.6 or higher. Strain JB-3 responded to various gas phases in a similar manner except that it grew slowly in the absence of oxygen at 15% CO2 (pH 4). The effect of an optimal gas phase on the growth of strain JB-1 was examined in relation to other environmental conditions. In the presence of 15% C02, 2% 02, this strain grew exponentially in yeast autolysate-Proteose Peptoneglucose medium at 37 C at pH 2, 4, and 5.6 at approximately the same rate; the growth rate was somewhat lower at pH 6.2. Under similar conditions, strain JB-1 grew at 30 C and pH 4 at one-sixth its maximal growth rate. Cell granulation was greatly reduced at this temperature. With adequate CO2 strain JB-1 also grew at a reduced rate in a yeast autolysate medium previously reported not to support growth. Results indicate that continuous gassing with an optimal gas phase increases the growth rate to the extent that the growth rate surpasses the death rate by a significant margin; as a result, granulated cells can be avoided almost entirely in the log phase.
The yeast Saccharomycopsis guttulata (Robin) Schionning was first observed in the stomach and intestinal contents of rabbits by Remak (5) In the following study, the optimal gas phases for two strains of S. guttulata were determined, and the effect of an optimal gas phase on the growth of one of these strains under other environmental conditions was examined.
MATERIALS AND METHODS Two S. guttulata strains, JB-1 and JB-3, were isolated from the stomachs of freshly killed New Zealand white rabbits. Stomach content (0.1 ml) was inoculated into 125-ml flasks containing 65 ml of YPG [1% powdered yeast autolysate (Albimi), 1% Proteose Peptone (Difco), and 2% glucose at pH 31 and incubated in standing culture at 37 C (7). After ascertaining by microscopic inspection that the growth consisted of the very characteristic, large cells of S. guttulata, the cells were plated on YPG agar at pH 4.0, and the plates were incubated at 37 C in a desiccator containing a burned-out candle to supply sufficient CO2 for growth. Pure cultures were stored on slants of the same composition; after growth had occurred, the slants were stored in a refrigerator. Only on extremely rare occasions, yeasts other than S. guttulata grew in the enrichment culture. Cells were routinely grown in this complex medium at pH 4. A certain amount of precipitate, which formed before and during autoclaving in media at low pH values, was removed by filtering through Super-cel (Johns-Manville, New York, N. Y.). The clear filtrates were then reautoclaved.
A gas mixing system was assembled according to the apparatus described by Berntzen (1) . Gasses were taken from individual cylinders; nitrogen, oxygen, and carbon dioxide were obtained from Liquid Carbonic, a division of General Electric. Each gas was passed through a needle metering valve and a flowmeter (0 to 260 ml of air per min) before flowing into a 2-liter mixing chamber with magnetic stirrer. The mixed gasses were moistened by sparging through water at 37 C, a process which prevented medium loss by evaporation. Finally, the gas mixture was sterilized by flowing through a filter (pore size, 0.30 ,m; Millipore Corp.) inserted in a tygon connecting line. The medium was contained in a sterile stoppered 1-liter graduate cylinder containing 400 ml of medium and incubated in a constant-temperature water bath. Gas was dispersed into the medium by passing through an inverted, disc-shaped sparger placed at the bottom of the cylinder. Gas flow was maintained at 200 ml/ min (expressed as air) total flow for 400-ml cultures. Percentage of each gas was calculated by comparing gas flow readings for the three gasses.
The response of S. guttulata to the gas phase was determined by measuring the cell density increase and the percentage of nongranulated cells as a function of time. Growth curves are given as growth (turbidity) versus 
RESULTS
The effects of continuous gassing with different gas phases was tested with two S. guttulata strains, JB-1 and JB-3. Both isolates were characterized as typical strains of S. guttulata (7). They reproduced exclusively by budding, assimilated out of 34 carbon compounds only glucose, sucrose, raffinose, and inulin; weakly fermented glucose and sucrose; sporulated at 20 C on yeast extractmalt agar (YM); grew in standing culture only between 35 and 40 C, and at pH values of 2 to 6.
After isolation, the strains were grown in YPG medium at pH 4 and 37 C under continuous gassing. The effect of the gas phase on growth and cell appearance was first examined with strain JB-1. Table 1 gives the calculated growth rate under each gas phase tested. With a constant CO2 concentration of 15%, growth was slight with heavy early growth granulation in the absence of oxygen; between 0.25% and 20% 02, maximum growth rates were obtained with little or no granulation ( Fig. 1 ). An adequate gas mixture could also be obtained simply by enriching air with carbon dioxide. With a constant oxygen concentration of 2%, little growth and heavy early cell granulation occurs in the absence of carbon dioxide. The growth rate increases at CO2 concentrations up to 10% and then levels off. At 98% CO2 the growth rate was significantly reduced, although a high cell yield with a low percentage of cell granulation could still be obtained. The effect of an optimal gas phase is illustrated in Fig. 1 by comparing the growth curves of strain JB-1 in standing culture (placed in air) and in continuous gassing cultures. All conditions except the gas phase were the same in the two sparged cultures. The dotted line represents the standing culture; once the short period of exponential growth ceases, cell granulation increases rapidly. With continuous gassing (solid lines), early cell granulation occurs only when the gas phase is not optimal, such as in the absence of carbon dioxide. When the gas phase is optimal (15% CO2, 2% 02), significant cell granulation occurs only during the maximum stationary phase. Strain JB-3 was then grown under various gas phases to determine whether it behaved similarly to strain JB-1. The responses of the two strains are compared in Table 2 in terms of their growth rates. Strain JB-3 showed the following characteristics in comparison to strain JB-1. (i) It grew at only a slightly higher rate under 2% 02, 15% CO2 at pH 4 and almost the same rate at pH 5.6; (ii) it had a high cell yield but a somewhat lower growth rate than strain JB-1 with 2% 02, 98% CO2; and (iii) in the absence of carbon dioxide, it underwent early cell granulation and scarcely grew. Unlike strain JB-1, strain JB-3 grew moderately well (44% of the maximum growth rate) in the absence of oxygen at 15% CO2 (pH 4). Strain JB-3 did not granulate as early as did strain JB-1.
For optimal growth, Shifrine and Phaff (8) reported a pH level of 4.5 for their S. guttulata strain. They found a sharp drop in cell yield below or above pH 4.5 after 24 hr of incubation in 5-ml tubes at 37 C. Figure 2 shows the growth curves of strain JB-1 grown at 37 C in YPG medium at pH 2, 4, 5.6, and 6.2 under a continuous-gas phase of 15% CO2, 2% 02. Although there is some large amount of medium (500 ml) and a low inoculum is used, the time for saturating the currence of cell medium with carbon dioxide may be longer than ,accharomycopsis the time for cell survival. Growth fails to occur at pH 4 at 37 C, many times under such conditions. Gassing with ure placed in air. CO2 prevents such occurrences.
Because strain JB-1 gives high cell yields with a low degree of cell granulation when grown in YPG medium with an optimal gas phase, it was of interest to determine the suitability of certain other media when given an optimal gas environment. Shifrine and Phaff (8) obtained no growth in still cultures containing glucose plus extracts of bakers' yeast that was autolyzed at 55 C for 6 or 24 hr, but growth was positive in yeast extract autolyzed for 72 hr. When these experiments were repeated (initially without adjustments of the gas atmosphere) growth was obtained in all cases. The main differences between ours and earlier (8) techniques was the use of a liberal inoculum of vigorous healthy cells and avoidance of shaking of the containers during inspection. The latter practice is likely to release metabolic CO2 from the medium. Growth was much slower in the various autolysates than in YPG medium and cell granulation was high at all stages as a result of the slow growth.
Next, 400 ml of laboratory-prepared 24-hr yeast autolysate (8) with 2% glucose at pH 4 was incubated at 37 C under a continuous gas phase of 15% C02, 2% 02. Strain JB-1 grew quite well under these conditions (k = 0.33/hr) but cell granulation was as pronounced as in standing cultures. A very high CO2 concentration (98%), shown to be somewhat inhibitory for strain JB-1 in YPG medium, completely inhibited growth in yeast autolysate glucose medium. On the other hand, at pH 5.6, cell granulation was prevented in this medium although the growth rate was almost the same as that at pH 4 (k = 0.31 /hr), indicating a greater damaging effect at the lower pH. It appears, further, that Proteose Peptone supplies certain desirable catabolites in YPG medium which are lacking in yeast autolysate.
The minimal growth temperature for S. guttulata was reported by Shifrine and Phaff (7) to be 35 C. Their results were based on growth in 5 ml of YPG medium (pH 4.5) in nonagitated test tube cultures. However, when strain JB-1 was streaked onto an agar plate containing YPG medium at pH 4 and incubated in the presence of increased carbon dioxide, colonies appeared at 30 C. Good growth also occurred at 30 C if a heavy inoculum (visual turbidity) of healthy-appearing cells was put into 65 ml of YPG medium in standing culture.
The growth rate of strain JB-1 at 30 C continuously gassed with 15 % C02, 2% 02 was determined next. Typical exponential growth occurred at a growth rate of k = 0.07/hr, approximately one-sixth the growth rate in this gas phase at 37 C. Cell granulation was greatly reduced at this lower temperature, with cells appearing only slightly granulated after 1 day of growth (compare with the data in Fig. 1 ). No growth was obtained at 27 C. DISCUSSION Many examples are cited in the literature concerning the need of unique gas environments for growing certain organisms. The specialized habitat of S. guttulata itself was indicative that a specific gas phase would be of benefit to its growth. The results of Richle and Scholer (6) and the present results substantiate this idea. However, the term microaerophilic used by Richle and Scholer to describe the gaseous requirements of S. guttulata is incorrect. The term microaerophilic is generally used to describe aerobes which grow best at partial pressures of oxygen considerably lower than that present in air. Present studies show that S. guttulata strains can grow equally well at 0.25 or 20% 02. This yeast appears distinct only in its requirement for gaseous carbon dioxide.
The importance of an apparatus allowing accurate mixing and delivery of a number of gases was illustrated by Berntzen (1) with parasitic helminths. The use of an optimal gas atmosphere is now shown to be important in culturing S. guttulata. First, continuous gassing allows logphase growth, resulting in high cell yields with low cell granulation. Secondly, optimal gassing allows a low inoculum to initiate immediate growth and prevents the occurrence of granulated, dying cells during early growth, sometimes resulting in lack of growth altogether. This last observation should be important in the isolation of S. guttulata from habitats in which it occurs in relatively low numbers. Thirdly, in the presence of an optimal gas phase, growth of S. guttulata not only occurs in media previously reported not to support growth, but also at a lower minimal temperature (30 C). Finally, the use of a continuous gassing apparatus allows the determination of gaseous requirements of different S. guttulata strains.
Culturing of healthy cells of S. guttulata in high yield can also be accomplished simply by sparging a culture with air enriched with 10 to 15% CO2.
Recent studies on two phycomycetous fungi Aqualinderella fermentans and Blastocladia ramosa (3) have shown certain similarities to S. guttulata with respect to the effect of gaseous environment on growth. A. fermentans requires supplemental CO2 and grows best in an atmosphere containing 20% carbon dioxide. Growth in air or in the complete absence of oxygen was almost the same for this fungus (2) and it therefore resembles the behavior of strain JB-3 of S.
guttulata. Growth of strain JB-1 only resembles that of A. fermentans in so far as its requirement for high concentrations of CO2 is concerned. B.
ramosa resembles strain JB-3 of S. guttulata in behaving as a facultative anaerobe. However, B. ramosa does not appear to require supplemental CO2 for growth (3) .
The occurrence of cell granulation at pH 4.0 or below appears to be increased by poor growth conditions. Strains grown in an environment which reduces the growth rate (e.g., poor nutritional medium or anaerobic conditions) undergo heavy, early cell graAulation. In general, the higher the growth rate, the lower is the percentage of cells in a granulated condition.
It would appear that by supplying a culture with an optimal gas phase, the growth rate is increased to such an extent that it greatly exceeds the death rate by granulation. However, when the growth rate is low, or when a high growth rate decreases near the maximal stationary phase, the rate of granulated cell formation exceeds the rate of new cell formation, and the culture rapidly approaches a high granulation value (Fig. 1) .
The sensitivity of S. guttulata strains to low pH under poor growth conditions was undoubtedly a factor in the studies of Shifrine and Phaff (7, 8) . Their experiments were done before the effect of carbon dioxide was discovered. Although their strain was not maintained for future study, the occurrence of early cell granulation at low pH was mentioned by Shifrine (Ph.D. dissertation, University of California, Davis, 1958) . In addition, his strains were easily lost due to cell death during storage.
Since stomach or intestinal contents of rabbits generally do not reveal granulated dying cells, the cells probably do not remain in the stomach (where they bud) for more than about 10 hr. In a favorable environment, only a very small percentage of the cells are granulated after 10 hr (Fig. 1) . With a generation time of approximately 2 hr, this time period or less would ensure ample growth in this natural "chemostat." After the cells pass into the more neutral environment of the small intestine, at which pH the cells are much more stable, budding ceases as shown by microscopic inspection.
Granulation is also a function of temperature and is much less pronounced at 30 C than at 37 C. Shifrine and Phaff (7) already realized that vegetative cells could be stored at refrigerator temperature for a month or more with retention of viability, even though growth did not take place.
